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AIRCRAFT LEADING EDGE DEVICE SYSTEMS AND CORRESPONDING 

SIZING METHODS 

TECHNICAL FIELD 

[0001] The following disclosure relates generally to aircraft systems and 

corresponding sizing methods, for example, sizing a leading edge device 
arrangement on an aircraft airfoil. 

BACKGROUND 

[0002] Many aircraft use various leading edge devices to improve airfoil 

performance at high angles of attack. For example, modern commercial transport 
category aircraft generally have wings that are optimized for high speed cruise 
conditions. In order to improve takeoff and landing performance, these aircraft 
typically employ moveable leading edge devices that have at least one position, 
typically referred to as a retracted position, that provides optimum cruise 
performance, and one or more additional positions, typically referred to as 
extended positions, for low speed operations. The extended positions improve 
airflow over the airfoil during low speed operating conditions, allowing the aircraft 
to achieve higher angles of attack without stalling. This results in lower stall 
speeds for the specified configuration. Because operating speeds for takeoff and 
landing are typically based on a percentage of stall speed, these lower stall 
speeds result in improved takeoff and landing performance. Examples of typical 
leading edge devices include nose flaps, fixed slots, Kruger flaps, slats, and 
variable camber Kruger flaps. Other aircraft use leading edge devices to improve 
airfoil performance during other phases of operations. For example, fighter type 
aircraft often use leading edge devices during maneuvering flight. 
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[0003] Figure 1 is a partially schematic top view of a conventional aircraft wing 1 

with various control surfaces. The control surfaces include trailing edge high lift 
devices 4 (e.g., common flaps and fowler flaps), and leading edge devices 5 (such 
as those discussed above). The wing 1 also has a span 2, which is the distance 
from the fuselage 16 to the wing tip 17 (alternately, the span 2 can be measured 
from the wing tip 17 to an opposite wing tip and a semi-span can be defined as the 
distance from the wing tip 17 to a centerline of the fuselage 16). The leading edge 
devices 5 have a plurality of spanwise locations, each spanwise location having a 
corresponding leading edge device chord length. For purposes of illustration, one 
spanwise location 6 with a leading edge device chord length 7 is shown in Figure 
1 , using a typical convention. In other conventions, the leading edge device chord 
length can be measured perpendicular to the direction that the span 2 is 
measured. 

[0004] The wing 1 typically has at least one critical portion where the local 

maximum lift coefficient first occurs as the aircraft angle of attack is increased. As 
the aircraft angle of attack is further increased, the local maximum lift coefficient is 
exceeded on that portion of the wing 1, and that portion of the wing 1 becomes 
stalled. While the location of the aitical portion of the wing can vary with design, 
on a typical modern swept wing transport category aircraft, it is not uncommon for 
the critical portion to be at approximately a 75% spanwise location (e.g.. a 
distance from the fuselage 16 along the span equal to 75% of the distance from 
the fuselage 16 to the wing tip 17). 

[0005] The typical design process, which yields the design depicted in Figure 1, 

includes determining the amount of lift that the wing 1 must provide during various 
phases of flight, and an aircraft angle of attack that will be required to generate this 
lift. Because longer leading edge device chord lengths generally provide better 
high angle of attack performance, a leading edge device chord length that will 
support the required aircraft angle of attack on the critical portion of the wing 1 is 
determined. Generally, this leading edge device chord length determined for the 
critical portion of the airfoil is then used for all portions of all leading edge devices 
on the airfoil (i.e.. each leading edge device has the same, constant chord length). 
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Occasionally, a smaller chord length is used (for installation reasons) near the 
wing tip 17 due to spanwise wing taper or other structural constraints. 
[0006] One aspect of the prior art design discussed above and shown in Figure 1 

is that the leading edge device chord length is optimized for the critical portion of 
the airfoil. A drawback of this aspect is that it creates a potentially inefficient 
design that unnecessarily increases the weight of the aircraft. 

SUMMARY 

[0007] The present invention is directed generally toward aircraft systems and 

corresponding sizing methods, for example, methods for sizing aircraft leading 
edge device arrangements on an airfoil. One aspect of the invention is directed 
toward a method for sizing an aircraft system that includes identifying a taper for at 
least two tapered portions of a leading edge device arrangement of an airfoil, with 
each tapered portion having a plurality of spanwise locations and with the leading 
edge device arrangement including at least a portion of at least one leading edge 
device. The method can further include selecting a leading edge device chord 
length or chord length fraction at each of a plurality of spanwise locations wherein 
the at least two tapered portions include a first tapered portion having a chord 
length or chord length fraction that tapers in a first spanwise direction and a 
second tapered portion having a chord length or chord length fraction that tapers 
in a second spanwise direction approximately opposite the first direction. 

[0008] In another aspect of the invention, a method for sizing an aircraft system 

includes selecting at least one design condition for an airfoil and identifying a 
spanwise distribution of aircraft angles of attack corresponding to local maximum 
lift coefficients at a plurality of spanwise locations when the airfoil is operated at 
the at least one design condition. The method can further include sizing a leading 
edge device chord length at each of the plurality of spanwise locations to at least 
approximately match the identified spanwise distribution of aircraft angles of 
attack. 

(00091 In yet another aspect of the invention, a method for sizing an aircraft system 

can Include selecting at least one design condition for an airfoil and Identifying a 
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spanwise distribution of aircraft angles of attack corresponding to local maximum 
lift coefficients at a plurality of spanwise locations when the airfoil is operated at 
the at least one design condition. The method can further include determining one 
aircraft angle of attack that is at least approximately equal to the smallest aircraft 
angle of attack in the spanwise distribution of aircraft angles of attack and sizing a 
leading edge device chord length at each of a plurality of spanwise locations such 
that the local maximum lift coefficient at each spanwise location occurs at an 
aircraft angle of attack that is at least approximately equal to or greater than the 
one aircraft angle of attack. 
[0010] In still another aspect of the invention, a method for sizing an aircraft 

system can include selecting at least one design condition for an airfoil and 
identifying at least one aircraft angle of attack. The method further includes 
selecting a spanwise lift coefficient distribution corresponding to the at least one 
design condition and the at least one aircraft angle of attack and determining a 
leading edge device chord length at each of a plurality of spanwise locations, such 
that when the airfoil is operated at the at least one design condition and the at 
least one aircraft angle of attack, the airfoil will provide at least approximately the 
selected spanwise lift coefficient distribution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 is a partially schematic top plan view of a conventional aircraft 

wing in accordance with the prior art. 
[0012] Figure 2 is a partially schematic cross-sectional view of an unswept airfoil 

with a leading edge device in accordance with an embodiment of the invention. 
[0013] Figure 3 is a partially schematic side view of an aircraft configured in 

accordance with an embodiment of the invention. 
[0014] Figure 4 is a graphical presentation of a spanwise local lift coefficient 

distribution corresponding to a design in accordance with an embodiment of the 

invention. 

[0015] Figure 5 is a flow chart illustrating a process for sizing an aircraft system in 

accordance with an embodiment of the invention. 
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Figure 6 is a partially schematic top plan view of an aircraft wing with 
leading edge device arrangements configured in accordance with embodiments of 
the invention. 

Figure 7 is a partially schematic top plan view of an aircraft with leading 
edge device arrangements configured in accordance with embodiments of the 
invention. 

Figure 8 is a graphical illustration of a spanwise distribution of aircraft 
angles of attack corresponding to local maximum lift coefficients designed in 
accordance with an embodiment of the invention. 

Figure 9 is a flow chart illustrating a process for sizing an aircraft system in 
accordance with an embodiment of the invention. 

Figure 10 is a flow chart illustrating a process for sizing an aircraft system in 
accordance with another embodiment of the invention. 

Figure 11 is a flow chart illustrating a process for sizing an aircraft system in 
accordance with still another embodiment of the invention. 

DETAILED DESCRIPTION 

[0022] The present disclosure describes aircraft leading edge devices and 

corresponding sizing methods. Several specific details of the invention are set 
forth in the following description and in Figures 2-11, to provide a thorough 
understanding of certain embodiments of the invention. One skilled in the art, 
however, will understand that the present invention may have additional 
embodiments, and that other embodiments of the invention may be practiced 
without several of the specific features explained in the following description. 

[0023] Figure 2 is a partially schematic cross-sectional view of a portion of an 

unswept aircraft airfoil 220 in accordance with certain embodiments of the 
invention. The aircraft airfoil section 220 can have a leading edge device 205. 
The leading edge device 205 can have a leading edge 21 1 and a trailing edge 
212. A leading edge device chord line 213 extends through the centers of 
curvature of the leading edge 21 1 at a first intersection point and the trailing edge 
212 at a second intersection point. The distance between the intersection points is 
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[0016] 

[0017] 

[0018] 

[0019] 
[0020] 
[0021] 



the local leading edge device chord length 207. In other embodiments, the local 
leading edge device chord length can be the planform distance from a leading 
edge of the device to a trailing edge of the device as shown in Figures 1 and 7. 

(0024] The leading edge device 205 can be fixed or moveable (e.g., deployable). 

When the leading edge device 205 is moveable, it generally has a retracted 
position and one or more extended positions. In the retracted position the leading 
edge device 205 can optimize the high subsonic or transonic cruise perfonmance 
of the airfoil to which it is attached. In the extended positions the leading edge 
device 205 can increase the airfoil chord length, increase the airfoil camber, and/or 
create a leading edge slot of varying size for low speed conditions. 

[0025] Figure 3 is a partially schematic side view of an aircraft 390 with an airfoil 

320 having both leading and trailing edge high lift arrangements, shown in Figure 
3 as a leading edge device arrangement 370 and a trailing edge device 
arrangement 374. The leading edge device arrangement 370 can include, 
singularly or in combination, various leading edge devices, for example, nose 
flaps, fixed slots, Kruger flaps, slats, variable camber Kruger flaps, and/or other 
types of leading edge high lift devices. The trailing edge device arrangement 374 
can include, singularly or in combination, various types of trailing edge devices, for 
example, normal flaps, fowler flaps, and/or other types of trailing edge high lift 
devices. In other embodiments, the airfoil 320 can have other multiple leading 
edge device arrangements and/or other multiple trailing edge device 
arrangements. In still further embodiments, the leading edge device an-angements 
can be integrated with other airfoils, for example, an all-moveable horizontal tail 
330. 

[0026] The leading edge device arrangement 370 interacts with the flow field 

created by the relative motion of the aircraft 390 and the adjacent air mass, as 
does the rest of the external surface of the aircraft, including the trailing edge 
device arrangement 374 and the all-moveable horizontal tail 330. This interaction 
creates various forces (one is represented by arrow L in Figure 3) and moments 
(one is represented by arrow P in Figure 3) that can be summed about the aircraft 
center of gravity 350. These forces and moments can affect the state of the 
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aircraft 390 and change various dynamic characteristics of the aircraft 390, 
including flight path, velocity (e.g., airspeed), acceleration (e.g., normal 
acceleration), and rates (e.g., yaw rate). This interaction can also be affected by 
the environmental characteristics of the air, including temperature, pressure, 
density, and various discontinuities (e.g., wind shears and gusts). 

[0027] The physical characteristics of the aircraft 390 can also affect the 

interaction between the aircraft and the flow field. These physical characteristics 
can include aircraft weight, carriage of one or more external stores, various airaaft 
structural arrangements (e.g., conformal fuselage fuel tanks), moments of inertia 
created by intennal loading (e.g., fuel distribution and the carriage of one or more 
internal stores), the dynamic movement of various control surfaces (e.g., the all- 
moveable horizontal tail 330), and aircraft configuration (e.g., the relative position 
of the leading and trailing edge devices, and if applicable, the position of a variable 
sweep wing). Accordingly, any design condition can include one or more of (a) a 
physical characteristic of the aircraft, (b) a characteristic of the environment in 
which the aircraft operates, and/or (c) a dynamic characteristic of the aircraft. 

[0028] Angle of attack can also greatly affect the performance of the aircraft 390. 

The aircraft angle of attack (shown as a in Figure 3) is the angular difference 
between an aircraft reference line 340 and the free stream relative wind (shown as 
arrow V in Figure 3). The free stream relative wind V is the fluid flow created by 
the relative motion between the aircraft 390 and the fluid, where the fluid flow is 
unaffected by the aircraft (e.g., unaffected by up wash). The aircraft angle of 
attack a provides a generalized reference that allows a comparison of various 
parameters across the span of an airfoil, even though the local angle of attack may 
vary across the span due to factors including a wing twist, spanwise changes in 
airfoil type, and spanwise changes in configuration. 

[0029] Figure 4 is a graphical illustration of a spanwise local lift coefficient 

distribution 400 across a portion of a span 402 of an airfoil 420. The span extends 
from an aircraft fuselage 416 to a tip 41 7 of the airfoil 420. Spanwise locations are 
represented as a percent of the total span, with 0% being at the fuselage 416 and 
100% being at the tip 417. A solid line 442 in Figure 4 represents a typical lift 

(03004-81 07/SL033240.059] -7- -_-5,-. 



coefficient distribution for a modern commercial transport category aircraft at a 
design condition and an aircraft angle of attack corresponding to the aircraft in a 
landing configuration, stabilized at an airspeed slightly above stall. 

[0030] The spanwise portion of the airfoil 420 between points A and B includes a 

leading edge device arrangement 470a that In turn includes at least a portion of at 
least one leading edge device 405. In the particular example shown in Figure 4, 
the spanwise portion between points A and B includes portions of two leading 
edge devices 405a, 405b. The chord length(s) of the leading edge device(s) can 
influence the lift coefficient distribution, especially at higher angles of attack. For 
example. If the leading edge device chord length of the leading edge device 
arrangement 470a is increased between points A and B (as shown by phantom 
line 443), the lift coefficients at the corresponding plurality of spanwise locations 
can be increased (as shown by phantom line 444). With other airfoil designs and 
leading edge device arrangements, at certain design conditions and aircraft angles 
of attack, increasing the leading edge device chord length can cause the lift 
coefFlclent to decrease. 

[0031] The spanwise portion between points B and C has a leading edge device 

arrangement 470b with at least a portion of at least one leading edge device 405 
(e.g., leading edge device 405c). If the leading edge device chord length of the 
leading edge device arrangement 470b Is decreased between points B and C (as 
shown by dashed line 445), the lift coefficients at the corresponding plurality of 
spanwise locations can be decreased (as shown by dashed line 446). With other 
airfoil designs and leading edge device arrangements, at certain design conditions 
and aircraft angles of attack, decreasing the leading edge device chord length can 
cause the lift coefficient to increase. Accordingly, the leading edge device chord 
length can be tailored to achieve a selected lift distribution for a given design 
condition and a given aircraft angle of attack. 

[0032] Figure 5 depicts a flow chart illustrating a process for sizing leading edge 

devices 500 that takes advantage of this characteristic. The process can include 
selecting at least one design condition (process portion 501) and identifying at 
least one airaaft angle of attack (process portion 502). The process can further 
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include selecting a spanwise lift coefficient distribution corresponding to tlie at 
least one design condition and the at least one aircraft angle of attack (process 
portion 503). The spanwise lift coefficient distribution can extend over a spanwise 
portion of an airfoil that includes a plurality of spanwise locations and a leading 
edge device arrangement having at least a portion of at least one leading edge 
device. The process can still further include determining a leading edge device 
chord length at each of the plurality of spanwise locations, such that when the 
airfoil is operated at the at least one design condition and the at least one aircraft 
angle of attack, the airfoil will provide at least approximately the selected spanwise 
lift coefficient distribution over the spanwise portion (process portion 504). The 
process of determining the leading edge device chord length can include the use 
of computational fluid dynamics (CFD), wind tunnel testing, aircraft flight testing, 
and/or other design tools. 

[0033] Figure 6 is a partially schematic top plan view of an aircraft wing with a 

leading edge device arrangement developed in accordance with certain 
embodiments of the invention, for example, the process discussed above with 
reference to Figure 5. The aircraft 690 Includes a left wing, which includes a left 
airfoil 620a, and a right wing, which Includes a right airfoil 620b. For purposes of 
illustration, two different types of leading edge device arrangements are shown in 
Figure 6 on the airfoils 620a, 620b of a single aircraft 690. Accordingly, the left 
airfoil 620a shown In Figure 6 includes a left leading edge device arrangement 
670a, which includes at least a portion of at least one leading edge device 605 
(one leading edge device 605a is shown as part of the left leading edge device 
arrangement 670a in Figure 6). The left leading edge device arrangement 670a 
includes a distribution of leading edge device chord lengths that increases and 
decreases multiple times over the span of the leading edge device arrangement. 

[0034] The right airfoil 620b shown in Figure 6 includes a right leading edge device 

arrangement 670b. The right leading edge device arrangement 670b includes 
multiple leading edge devices, each having an approximately constant chord 
length (four leading edge devices 605b-605e are shown as part of the right leading 
edge device arrangement 670b In Figure 6). These multiple leading edge devices 
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605b-605e can be arranged such that the leading edge device chord length varies 
across the span of the leading edge device arrangement 670b in a manner that at 
least approximates (or is at least approximately proportional to) the leading edge 
device chord length distribution determined in accordance with various 
embodiments of the invention (e.g., the process described above with reference to 
Figure 5). 

(0035) In other embodiments, the leading edge device chord length or chord length 

fraction (the ratio of the local leading edge device chord length to the local chord 
length of the airfoil) can be tapered in opposite spanwise directions, such that the 
taper varies in a manner at least approximately proportional to the leading edge 
device chord length distribution determined in accordance with various 
embodiments of the invention (e.g., the process shown above in Figure 5) or for 
other reasons. Two examples of such leading edge device an^angements are 
shown in Figure 7. Again, for purposes of illustration, the two examples are shown 
on the same aircraft 790, which includes a left wing having a left airfoil 720a, and a 
right wing having a right airfoil 720b. 

[0036] The left airfoil 720a has a left spanwise portion 703a that includes a left 

leading edge device arrangement 770a. The left spanwise portion 703a includes a 
plurality of spanwise locations 707, each location having a corresponding leading 
edge device chord length. Three spanwise locations 707a-707c are shown in 
Figure 7 with con-esponding leading edge device chord lengths. In other 
embodiments, the left spanwise portion 703a has more or fewer spanwise 
locations 707. The left leading edge device arrangement 770a includes at least a 
portion of at least one leading edge device 705 (three leading edge devices 705a- 
705c are shown in Figure 7). The left leading edge device arrangement 770a can 
include multiple tapered portions shown in Figure 7 as a left first tapered portion 
772a and a left second tapered portion 773a. In other embodiments, the left 
leading edge device arrangement has more or fewer tapered portions. 

[0037] The left first tapered portion 772a includes a single leading edge device 

705a and the left second tapered portion 773a includes two leading edge devices 
705b, 705c. In certain embodiments, the taper of both the first and second 
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tapered portions 772a, 773a can vary in a manner at least approximately 
proportional to the leading edge device chord length distribution described above. 
In other embodiments, the leading edge device arrangement 770a can be tapered 
for other reasons. 

[0038] The leading edge device chord length Influences the lift produced by an 

airfoil, at least In part, because of the effect it has on the chord length fraction. 
Therefore, the chord length fraction can be tapered in a similar manner to achieve 
the same effect as tapering the leading edge device chord length. For example, 
the far left leading edge device 705a can include a spanwise location 707a. The 
local leading edge device chord length at the spanwise location 707a Is measured 
perpendicular to the leading edge. The local chord length of the airfoil 720a at the 
spanwise location 707a, depicted by line A, Is measured parallel to the centerline 
of the airaaft. depicted by line B. The local chord length of the airfoil 720a can be 
the planform distance between the leading and trailing edges of the airfoil 720a, 
the distance between the centers of curvature of the leading and trailing edges of 
the airfoil 720a, or other reference distances commonly refen-ed to as airfoil chord 
lengths, determined by known methods, and measured parallel to the centerline of 
the aircraft. Because the local leading edge device chord length decreases more 
rapidly than the local chord length of the airfoil 720a (for spanwise locations 
positioned progressively further outboard), the chord length fraction also 
decreases. Similarly, if the middle leading edge device 705b includes a constant 
leading edge device chord length, as depicted by dashed lines C, the chord length 
fraction decreases (for spanwise locations positioned progressively further 
inboard) because the local chord of the wing increases. Accordingly, tapering the 
chord length fraction can yield the same results as tapering the leading edge 
device chord length. The chord length fraction can also be tapered for other 
reasons. 

[00391 The right airfoil 720b includes a right spanwise portion 703b that includes a 

right leading edge device arrangement 770b. The right spanwise portion 703b 
includes a plurality of spanwise locations, each location having a corresponding 
leading edge device chord length. The right leading edge device arrangement 

[03004-81 07/SL033240.0591 -11- 2Q6/04 



770b includes at least a portion of at least one leading edge device 705 (e.g., 
leading edge device 705d). The right leading edge device arrangement 770b 
includes a right first tapered portion 772b and a right second tapered portion 773b, 
each tapered portion including a portion of the single leading edge device 705d. 
The taper of both the first and second tapered portions 772b, 773b can vary in a 
manner that is at least approximately proportional to the distribution described 
above (e.g., with reference to Figure 5). In other embodiments, the leading edge 
device arrangements 770a, 770b can be tapered for other reasons. These 
reasons Include reducing a surface area of the leading edge device arrangement 
and/or reducing the material required to produce the leading edge device 
arrangement. 

[0040] In still further embodiments, the chord length distribution of one or more 

leading edge devices can be determined with reference to factors other than the 
local lift coefficient, as was described above with reference to Figures 4 and 5. 
For example, the leading edge chord length distribution can be detemiined with 
reference to a spanwise distribution of aircraft angles of attack at which local 
maximum lift coefficients occur. Figure 8 illustrates an airfoil 820 having multiple 
leading edge device arrangements 870 (shown as arrangements 870a, 870b) and 
multiple leading edge devices 805 (shown as devices 805a, 805b). Figure 8 also 
illustrates a corresponding spanwise distribution of a^^ (the aircraft angle of 

attack at which the local lift coefficient is a maximum) as a function of spanwise 
location. The span of the airfoil 820 extends from an aircraft fuselage 816 to a tip 
817 of the airfoil 820. Spanwise locations are represented as a percent of the total 
span with 0% being at the fuselage 816 and 100% being at the tip 817. A solid 
line 842 in Figure 8 represents a typical distribution of a^^ for a modern 

commercial transport category aircraft at a design condition, for example, at low 
altitude in a landing configuration. The chord length of the leading edge devices 
805 can influence the distribution of aircraft angles of attack at which local 
maximum lift coefficients occur. For example, the spanwise portion between 
points A and B has a leading edge device arrangement 870a with at least a portion 
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of leading edge device 805a. If the leading edge device chord length of the 
leading edge device an-angement is increased and decreased at various spanwise 
locations between points A and B (as shown by a phantom line 843). the aircraft 
angles of attack at which local maximum lift coefficients occur at the corresponding 
plurality of spanwise locations can be increased and deaeased respectively (as 
shown by a phantom line 844). 

10041) In another embodiment, the leading edge device chord length distribution 

can be determined such that the local maximum lift coefficient at each spanwise 
location occurs at approximately the same aircraft angle of attack. For example, 
the spanwise portion between points B and D has a leading edge device 
arrangement 870b with at least a portion of leading edge device 805b. Point C 
corresponds to the point where the local maximum lift coefficient occurs at the 
smallest aircraft angle of attack. If the leading edge device chord length of the 
leading edge device arrangement is decreased at various spanwise locations 
between points B and C, and C and D (as shown by a dashed line 845), the local 
maximum lift coefficients at the corresponding plurality of spanwise locations will 
occur at least approximately at the same aircraft angle of attack (as shown by a 
dashed line 846). The result can be a leading edge device arrangement having a 
chord length distribution that tapers in opposing spanwise directions, generally 
similar to the arrangements described above with reference to Figure 7. 

[0042] Figures 9 and 10 depict flow charts illustrating processes for sizing leading 

edge devices that take advantage of the foregoing characteristic. Referring first to 
Figure 9, a process 900 in accordance with one embodiment includes selecting at 
least one design condition for an airfoil (process portion 901). The airfoil can 
include a spanwise portion with a plurality of spanwise locations, the spanwise 
portion having a leading edge device arrangement with at least a portion of at least 
one leading edge device. The process can further include identifying a spanwise 
distribution of aircraft angles of attack con-esponding to local maximum lift 
coefficients at the plurality of spanwise locations when the airfoil Is operated at the 
at least one design condition (process portion 902). 
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[00431 In certain embodiments, the distribution of aircraft angles of attack can 

correspond to local maximum lift coefficients based on two-dimensional flow 
characteristics (no spanwise flow). For example, two-dimensional modeling may 
be sufficient when aircraft angles of attack greater than the lowest aircraft angle of 
attack that produces one or more local maximum lift coefficients are of little 
interest. In other embodiments, the distribution of aircraft angles of attack can 
correspond to local maximum lift coefficients based on three-dimensional flow 
characteristics, using techniques varying in complexity. Three-dimensional 
characteristics can be of particular interest where an aircraft is expected to 
maneuver at aircraft angles of attack above the lowest aircraft angle of attack that 
produces one or more local maximum lift coefficients. For example, three- 
dimensional characteristics can be important in airaaft where, including spanwise 
flow effects, the coefficient of lift continues to increase significantly on certain 
portions of the airfoil with inaeasing airaaft angles of attack, after other portions of 
the airfoil have stalled. The process can still further include sizing a leading edge 
device chord length at each of the plurality of spanwise locations to at least 
approximately match the identified spanwise distribution of aircraft angles of attack 
(process portion 903). As discussed above, spanwise tapering via a continuous 
taper or multiple leading edge devices with different but constant chord lengths 
can be used to vary the chord length of the leading edge device arrangement in a 
manner that is at least approximately proportional to the leading edge device 
chord length distribution. 

[0044] In another embodiment shown in Figure 10, a process for sizing an aircraft 

system 1000 can include selecting at least one design condition for an airfoil 
(process portion 1001). The airfoil can include a spanwise portion with a plurality 
of spanwise locations, the spanwise portion having a leading edge device 
arrangement with at least a portion of at least one leading edge device. The 
process can further include identifying a spanwise distribution of aircraft angles of 
attack corresponding to local maximum lift coefficients over the spanwise portion 
when the airfoil is operated at the at least one design condition (process portion 
1002), and determining one aircraft angle of attack that is at least approximately 
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equal to the smallest aircraft angle of attack in the spanwise distribution of aircraft 
angles of attack (process portion 1003). As discussed above, in certain 
embodiments, the distribution of aircraft angles of attack can correspond to local 
maximum lift coefficients based on two-dimensional flow or three-dimensional flow. 
The process can still further include sizing a leading edge device chord length at 
each of the plurality of spanwise locations such that the local maximum lift 
coefficient at each spanwise location occurs at an aircraft angle of attack that is at 
least approximately equal to or greater than the one aircraft angle of attack 
(process portion 1004). Also, as discussed above, spanwise tapering or multiple 
leading edge devices with constant chord lengths can be used to vary the chord 
length of the leading edge device arrangement in a manner that is at least 
approximately proportional to the sizing of the leading edge chord lengths at the 
plurality of spanwise locations. 
[0045] As discussed above with reference to Figure 7, it can be desirable to taper 

the chord length of the leading edge device arrangement in at least two directions 
for various reasons. These reasons include reducing a surface area of the leading 
edge device arrangement and/or reducing the material required to produce the 
leading edge device arrangement. Figure 11 is a flow chart illustrating a 
corresponding sizing process 1 100, in accordance with another embodiment of the 
invention. The process 1100 can include identifying a taper for each of at least 
two tapered portions of a leading edge device arrangement of an airfoil. Each 
tapered portion can have a plurality of spanwise locations and the leading edge 
device arrangement can include at least a portion of at least one leading edge 
device (process portion 1 101 ). The process can further include selecting a leading 
edge device chord length or chord length fraction at each of the plurality of 
spanwise locations wherein the at least two tapered portions include a first tapered 
portion having a chord length or chord length fraction that tapers in a first 
spanwise direction and a second tapered portion having a chord length or chord 
length fraction that tapers in a second spanwise direction at least approximately 
opposite the first direction (process portion 1 102). 
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[0046] The leading edge device arrangement can be tapered over at least a 

portion of a single leading edge device or over at least a portion of two or more 
leading edge devices. In another embodiment of the invention, as discussed 
above, multiple leading edge devices with constant chord lengths can be arranged 
to create the tapering effect. In one embodiment of the invention, the leading edge 
device chord length is tapered in the first and second directions from larger lengths 
to smaller lengths. In another embodiment, the leading edge device chord length 
is tapered in the first and second directions from smaller lengths to larger lengths. 
In still other embodiments a taper can be selected and then the leading edge 
device chord length can be sized for the critical portion of the wing, as discussed 
above. 

[0047] One feature of the foregoing embodiments, described above with reference 

to Figures 2-10, is that the chord length distribution of the leading edge device(s) 
across the spanwise portion of an airfoil can be used to achieve a desired lift 
coefficient distribution, modify a desired lift coefficient distribution, and/or control 
the distribution of aircraft angles of attack at which the local maximum lift 
coefficient occurs. This feature provides designers with the ability to (a) control 
which portion of the airfoil will stall first as aircraft angle of attack increases, (b) get 
the desired performance out of the airfoil, and/or (c) address other performance or 
stability and control issues. Additionally, in many cases a leading edge device 
chord length can be used at various spanwise locations over a leading edge 
device arrangement that is smaller than would normally be used on an airfoil 
designed in accordance with the prior art (e.g., as discussed above with reference 
to Figure 1). Accordingly, less material is needed to produce the leading edge 
device arrangement, reducing the weight of the aircraft. The leading edge device 
arrangement can also have less surface area, which can result in lower 
aerodynamic loads on the leading edge device arrangement. This in turn can 
result in reduced actuator sizing requirements and less wear and tear on the 
aircraft structure. Ultimately, smaller leading edge device chord lengths can lead 
to cost and weight savings for both the manufacturer and the operator. 
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[0048] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. Apparatuses and methods In accordance with further embodiments of 
the invention can include other combinations of the features desaibed above. For 
example, the apparatuses and methods can be used on any airfoil, including 
airfoils that extend from a first wing tip to a second wing tip, uninterrupted by a 
fuselage. Additionally, the apparatuses and methods can apply to fixed leading 
edge devices and can be combined with other techniques for controlling lift on an 
airfoil, including the use of vortex generators, fences, and blown flaps. Any of the 
foregoing methods may be carried out manually or (In whole or in part) by a 
computer and/or computer-readable medium. Accordingly, the invention is not 
limited except by the following claims. 
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